The natural history of rotator cuff tears suggests that not all tears progress and small isolated rotator cuff tears might heal. To date there have been no long-term studies assessing the MRI changes of unrepaired full thickness supraspinatus tears after acromioplasty. Methods: A database of patients from a single surgeon that have had acromioplasty without rotator cuff repair in the last five to 15 years was reviewed. The number of shoulders examined in this study was 17. Patients all completed an Oxford score, Constant score and had an MRI to assess fatty infiltration and atrophy. Results: Mean follow-up time 7.2 years (range, 5-13 years). The patients were divided into three groups depending on the size of the tear at time of surgery: C1 tears (<1 cm) n=5, C2 tears (1-1.9 cm) n=8, C3 tears (2-3 cm) n=4. In the C2 group, MRI evaluation showed there were two patients that had tears that had regressed in size 4) . In the C3 group, MRI evaluation revealed that all (100%) of the rotator cuff tears had significant fatty infiltration and atrophy. There was no statistical difference between groups when assessing Oxford scores (p=0.75) and Constant scores (p=0.69). There was significant association between increase in tear size and fatty infiltration (p=0.028). A possible association was noted between increase in tear size and atrophy (p=0.054). Conclusion: Patients had good long-term clinical outcomes irrespective of tear size. It showed that not all tears progressed to significant fatty change and atrophy.
Introduction
Impingement syndrome and its association with rotator cuff tears is well documented. The clinical outcome after acromioplasty has been well researched and the literature reports good long-term results. Debate, however, continues regarding the optimal and most cost-effective treatment of the older patient group with an associated rotator cuff tear, with studies reporting good functional outcomes without rotator cuff repair. 1 Recent studies have assessed the structural changes of unrepaired rotator cuff tears; however, there has been little research into the long-term clinical outcomes and MRI changes in isolated full thickness tears of supraspinatus after acromioplasty.
The aim of this study was to evaluate the long-term clinical and structural outcomes of a cohort of patients with isolated full thickness tears of supraspinatus who underwent an acromioplasty without rotator cuff repair.
Methods and material
The cohort consisted of patients from a single surgeon database who had been operated on for symptomatic impingement syndrome without repair of a full thickness supraspinatus tear diagnosed at arthroscopy. Tears were categorised as C1 (less than 1 cm), C2 (between 1 and 1.9 cm), and C3 (between 2 and 3 cm) according to the Snyder classification. 2 All C1 and C2 rotator cuff tears at arthroscopy were noted to be within the rotator cable as postulated by Burkhart et al. 3 All patients had failed conservative treatment, and on examination had full active abduction, forward elevation and external rotation, minimal weakness of supraspinatus and full strength of infraspinatus and subscapularis.
Exclusion criteria were follow-up of less than five years, rheumatoid arthritis, diabetes, long-term corticosteroid use, and previous surgery to the shoulder.
Of the 64 patients contacted telephonically, 16 agreed to participate. The other 48 patients were either not contactable, were too ill, had relocated or had passed away.
We had 16 patients that met these criteria; of these 16 patients, there was one patient that had bilateral pathology, so the number of shoulders investigated was 17 (n=17).
Imaging
Patients did not receive an MRI on presentation to the primary surgeon as it was not clinically indicated at the time, but were assessed clinically and had X-ray confirmation of type 3 acromial morphology as described by Bigliani et al. 2 On follow-up, all study participants had an MRI of both shoulders. The MRI images were assessed by an experienced musculoskeletal radiologist and a fellowship-trained shoulder surgeon who had no information regarding the patients' clinical outcome.
Continuity or rupture was assessed on T2-weighted coronal imaging sequence. A tear was diagnosed if there was no continuity in the muscle fibres of the rotator cuff.
The quality and quantity of the rotator cuff was assessed on parasagital T1-weighted turbospin echo images taken parallel to the glenohumeral joint.
Fatty infiltration was assessed as described by Goutallier et al., 5 modified by Fuchs et al. 6 for MRI.
Supraspinatus atrophy was determined using the tangent sign as described by Zanetti et al. 7 
Clinical assessment
Clinical assessment was done according to a standardised technique using a handheld goniometer and dynamometer.
The Constant score 8 was recorded where a maximum of 100 points could be obtained. Shoulder range of movement was measured using a handheld goniometer as described by Constant and Murley. 8 Abduction strength was measured using a handheld dynamometer applied to the wrist. The arm was abducted in the scapular plane, elbow extended, and forearm pronated. Three readings were taken and the average of the three readings was recorded.
An Oxford score 9 was completed by all patients examined, where a maximum score of 48 could be obtained.
Statistical methods
The data was analysed using Stata 13.0 (Statacorp LP, 4905 Lakeway Drive, College Station, TX77845, USA). Categorical data between the groups was analysed using the chi-squared test or Fisher's exact test as appropriate. Normality of continuous data was assessed using the Shapiro Wilk test. Normally distributed data was summarised using means and standard deviations, and compared using the Student's t-test. Skewed data was summarised using medians and ranges, and groups compared using the Mann-Whitney test. Statistical significance was set at p<0.05 and all tests were two-sided.
Results
There were 17 shoulders in 16 patients (nine females). Mean followup was 7.2 years (range, 5-13 years). The mean age at surgery was 65.8 years (range, 50-82 years) and the mean age at most recent follow-up was 73 years (range, 60-89 years).
The patients were divided into three groups depending on the size of the tear at time of arthroscopy. In this study, we had five C1 tears, eight C2 tears and four C3 tears ( Table I) .
C1 tears (n=5)
The average age at surgery was 60.4 years (range, 49-75 years). The average age of patients with C1 tears at most recent follow-up was 67.4 years (range, 60-82 years).
The median Constant score was 86 (range 83-96) and median Oxford score was 47 (range 46-48).
Only one patient in the C1 tear group had significant fatty infiltration (grade IV) and a positive tangent sign indicating significant muscle atrophy.
C2 tears (n=8)
The average age at surgery was 65.3 years (range, 58-81 years). The average age of patients with C2 tears at most recent follow-up was 76.7 years (range, 69-81 years). The mean Constant score was 72.3 (range 62-98) and mean Oxford score was 45 (range 42-48).
Only one patient in this group had significant fatty infiltration (grade IV).
On MRI two tears in the group had regressed in size and were reported as partial thickness tears. 
C3 tears (n=4)
The average age at surgery was 69 years (range, 59-73 years) The average age of patients with C3 tears at most recent follow-up was 76.2 years (range, 72-83 years). The mean Constant score was 72.3 (range 65-98). The mean Oxford score was 45 (range, 42-48).
On MRI all four patients had stage 4 fatty infiltration and a positive tangent sign.
Comparison of clinical parameters
There was no significant difference between the three groups when comparing abduction strength: Oneway ANOVA p=0.31); internal rotation (Kruskall-Wallis chi-squared p=0.8); and external rotation Kruskall-Wallis chi-squared p=0.7). There was, however, a statistical difference in range of motion when comparing forward flexion (Oneway ANOVA p=0.04); and lateral elevation (Oneway ANOVA p=0.04) between the three categories of tears (Table II) .
There was no significant difference in Oxford (Kruskall-Wallis chisquared p=0.75) and Constant scores (Kruskall-Wallis chi-squared p=0.69) when comparing the three groups ( Table III) .
Comparison of MRI findings
When assessing the fatty infiltration, atrophy and tear size, the C3 tears did have a statistically higher chance of having fatty infiltration (Pearson chi-squared p=0.028). The C3 tears also had significant atrophy (Pearson chi-squared p=0.032), as indicated by the tangent sign (Tables IV and V) .
In the C2 group, two of the full thickness tears were now reported as being partial thickness tears and smaller in dimension than reported on initial surgical assessment. This equates to 12% of the total number of shoulders assessed (CI: 1.4-36.4).
The association between increasing age and atrophy Wilcoxon rank-sum (p=0.05) was also noted to be significant, as well as age and fatty infiltration Wilcoxon rank-sum (p=0.008).
The comparison between fatty infiltration stages and abduction strength revealed that stage 0 (n=2) had mean strength of 9.4 kg (4.8 kg-14.0 kg); stage 1 (n=6) abduction strength mean 16.0 kg (range 6.6 kg -22.kg); stage 2 (n=4) mean abduction strength 10.4 kg (range 5.3 kg -15.3 kg); stage 3 (n=1) abduction strength 3.5 kg; and the stage 4 (n=4) abduction strength was 4.2 kg (range 1.4 kg -8.4 kg). There was a statistically significant association between muscle atrophy and abduction strength, Spearman's p=0.009 (Table VI) . 
Discussion
The reason for progression of isolated tears of the rotator cuff in impingement syndrome is multifactorial. Understanding the natural history of rotator cuff tears is important when evaluating whether acromioplasty has any effect on rotator cuff tear progression.
The article by Melis et al. 10 that looked at the natural history of fatty infiltration and atrophy in tears of the supraspinatus muscle, suggests that tears progressed to stage 2 fatty infiltration by four years and severe fatty infiltration (stage 3/4) by six years. Traumatic tears progressed faster, and fatty infiltration of at least stage 2 was present at three years. Muscle atrophy was noted in all tear types to occur at an average of 4.5 years post-symptomatic onset. We did not see this progression in atrophy and fatty infiltration in the small isolated tears of the rotator cuff in our study.
This assumption that all tears progress is now being disputed. Fucentese et al. and Maman et al. 11, 12 have both shown that small tears may get smaller and may even heal if they are isolated tears. The progression of isolated rotator cuff tears in the context of impingement syndrome following acromioplasty and subacromial decompression has not yet been quantified. In this study we confirmed that small tears may appear to heal on MRI, and our figure of 12% is in keeping with the literature of 8-9% 11, 12 healing rates in patients without impingement syndrome.
The aetiology of rotator cuff tears in impingement syndrome can be attributed to extrinsic, intrinsic and genetic factors.
Acromial morphology as an extrinsic cause for rotator cuff tears and their progression is well described. A recent article 13 looking at relationship of radiographic acromial characteristics and rotator cuff diseases showed that the presence of an acromial spur is highly associated with a rotator cuff tears in the symptomatic and asymptomatic patient. In Bigliani's 4 description of acromial morphology, a type 3 acromion has a higher incidence of rotator cuff tears. However, in the Maman et al. 12 review there was no statistical correlation between acromial spur and rotator cuff tears. The presence of an acromial spur or abnormal acromial morphology does not always correlate with clinical impingement symptoms. Therefore, there has been suggestion that intrinsic causes may be responsible for symptomatic impingement syndrome and rotator cuff degeneration.
The intrinsic theories of cuff degeneration and tears suggest that there is a zone of hypovascularity and relative hypoxia that may lead to apoptosis and rotator cuff damage. [14] [15] [16] This abnormal cuff is now dysfunctional which results in an uncentred high riding humeral head which causes the acromial morphological changes.
Articular-sided tears are also more common than bursal-sided tears, which may suggest intrinsic pathology. Ogata and Uhthoff 17 showed that cuff degeneration and tears progress with age but acromial degeneration did not. Hyvönen et al. 18 reported that open acromioplasty did not prevent tear progression in impingement syndrome as they found that tears may appear after acromioplasty in the shoulder where no tear was present at time of surgery.
There have also been studies looking at surgical versus nonsurgical or structured exercise regimens for the treatment of impingement syndrome, which have shown that long-term outcomes are similar when comparing acromioplasty versus nonsurgical interventions. [19] [20] [21] A randomised controlled study performed by Kukkonen et al. 1 demonstrated that operative treatment is no better than conservative treatment in the management of supraspinatus tears in impingement syndrome. Follow-up was one year in this study. Kukkonen suggests that conservative treatment be the primary method of treatment. 1 These findings may support the theories that cuff degeneration is due to intrinsic mechanisms, and surgery may not alter the natural history of rotator cuff pathology in impingement syndrome.
There has been evidence to suggest that rotator cuff pathologies and symptoms may be genetic and there is a subset of patients that have increased genetic susceptibility in developing tears and subsequent tear progression. Harvie et al. 22 has shown that siblings have a 2.42 relative risk of developing full thickness rotator cuff tears and a 4.65 relative risk of the tears being symptomatic.
The variability noted in the healing response of the rotator cuff in a cross-section of patients is now being attributed to alterations in genetic expression. Genetic expression which controls cellular, vascular and extracellular matrix formation is controlled by biological and local mechanical factors at the tendon edge. It is postulated that surgical repair alters the biological environment at the tendon edge and therefore modulates gene expression. 23 Repair of the rotator cuff in sheep and rabbits however, has not shown to reverse fatty infiltration, but early repair may result in partial recovery according to Kang and Gupta, 15 and therefore early repair in the traumatic full thickness tears and early presenting degenerative tears is still of value. Established stage 3 and 4 fatty infiltration and atrophy; however, was not reversible with surgical repair. 10, 11, 24 The genetic expression of protein degradation genes which results in proteolysis and muscle degeneration is up-regulated in massive rotator cuff tears. 25 This may explain the association with larger rotator cuff tears and significant fatty infiltration and atrophy.
The pathophysiology of fatty degeneration is related to unloading of the muscle due to its loss of insertion into bone; this result in changes in physiological structure and function of the muscle and ultimately atrophy. 24, 26 This unloading of the muscle may ultimately be the reason that the larger tears progressed with respect to fatty changes and atrophy. In smaller tears there is less unloading of the muscle and therefore less propensity to atrophy and degeneration.
The rotator crescent and rotator cable theory by Burkhart et al. 3 describes two distinct areas of the rotator cuff with different load characteristics. The rotator cable which is relatively thicker supports more load and shields the crescent area. Burkhart hypothesised that as people age there is progressive thinning of this relatively avascular crescent zone. This hypothesis has been recently supported by Kim et al. 27 who have shown that most degenerative tears occur in a more posterior location near the junction of the infraspinatus and supraspinatus and not anteriorly as initially thought. The biomechanical relevance of this tear position is that the cable is still intact, which has been shown in biomechanical studies by Meisha et al. 28 to be the primary load-bearing structure in the supraspinatus. Therefore, tear position and not only tear size are important to consider when assessing the clinical effects of rotator cuff tears. In this study it was noted at arthroscopy that all the C1 and C2 tears were within this cable, hence the good clinical parameters achieved by the study participants.
The fibrogenic and adipogenic progenitor cells in muscle that are responsible for fatty change are normally inactive in healthy muscle. The activation and differentiation of these cells has been found to be initiated by ageing, oxidative stress and muscle degeneration. This fibroproliferative response in the older patient negatively affects the rotator cuff muscle's ability to regenenerate. 24, 26 The age of the patient is therefore important in assessing the healing capability of a rotator cuff tear and is of relevance in this study as we had an elderly patient cohort.
In this study it was noted that isolated small full thickness tears had the best outcomes when assessing the clinical parameters of Constant and Oxford scores. The small tears also had better structural outcomes, whereas the larger tears did considerably worse structurally but not clinically. Norlin and Adolfsson 25 concluded that small full thickness tears do well post acromioplasty at 10 to 13 years post-surgery, which correlates with our findings.
Ozaki et al. 30 showed that 38% of cadavers over 60 years had cuff tears; this figure rose to 80% in cadavers over 90 years of age, where most of these tears are asymptomatic. The prevalence of asymptomatic full thickness tears in the population aged 40-60 years is 4% and patients over 60 years is 24%, according to an MRI study by Sher et al. 31 From this data it can be noted that rotator cuff tears are relatively common and that not all patients with cuff tears present with a loss in function or pain, which might explain the good clinical outcomes we found in this age group of patients.
Weaknesses of this study include poor patient follow-up, and low numbers available for this study which was due to the fact that 11 patients had died, seven were too ill, eight patients refused, five had moved and 15 were not contactable. The patients were also pre-selected as having good functional capacity prior to surgery which was one of the reasons not to repair the rotator cuff. No preoperative MRI was done to evaluate progression of fatty infiltration and atrophy with current MRI findings at follow-up.
Conclusions
Currently this is the only long-term MRI study of patients with full thickness supraspinatus tears that were not repaired at the time of acromioplasty.
This small cohort of patients had good long-term clinical outcomes irrespective of tear size. It also showed that not all tears progressed to significant fatty change and atrophy in the long term. Full thickness tears may progress or heal despite surgical intervention. The process of muscle regeneration or degeneration in muscles with tears seems to be more influenced by local biological factors, genetic expression and tear location, and therefore acromioplasty in isolation does not influence rotator cuff tear healing. The recommendation that can be made from this study is that small tears within the cable do not need to be fixed and in this elderly population this would facilitate less rehabilitation and earlier mobilisation. Larger C3 tears, upon discussion with the patient, can be treated without repair and with shorter rehabilitation time if patients are willing to accept some functional loss.
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